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Abstract 

We discuss how to take a Penrose limit in bubbling 1/2 BPS geometries at the stage of 
a single function z(x\,X 2 ,y) ■ By starting from the z of the AdS 5 xS 5 we can directly derive 
that of the pp-wave via the Penrose limit. In course of the calculation the function z for the 
pp-wave with l/i? 2 -corrections is obtained. We see that it surely reproduces the pp-wave with 
1 /R 2 terms. We also investigate the pp-wave with higher order l/i? 2 -corrections. In addition 
the Penrose limit in the configuration of the concentric rings is considered. 
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1 Introduction 


Recently we have a renewed interest in the AdS/CFT duality [1] in the 1/2 BPS sector. Kaluza- 
Klein gravitons, giant gravitons [2] and dual giant gravitons [3], who correspond to 1/2 BPS 
states in the Super Yang-Mills (SYM) side, are well described by using the free fermion de¬ 
scription [4], An application of the free fermion description to study the AdS/CFT duality is 
recently discussed by Berenstein [5]. (The free fermion description of giant gravitons in this 
direction is further studied in [6].) The supergravity description of the phase space of the free 
fermion is clarified by Lin-Lunin-Maldacena (LLM) [7]. The 1/2 BPS solutions of type IIB 
supergravity preserving an isometry R x 50(4) x 50(4) are characterized by a single function 
satisfying a differential equation. The function can be obtained by giving a boundary con¬ 
dition in a two-dimensional subspace in ten-dimensional spacetime. The phase space of the 
free fermion may be identified with the two-dimensional plane in which droplets are drawn for 
each of boimdary conditions [7]. The Pauli exclusion principle in the free fermion is intimately 
related to the causality in the supergravity solutions [8]. The single function parameterizing 
the 1/2 BPS geometries is also related to the Wigner phase-space distribution [9]. In addition, 
topological transitions in bubbling 1/2 BPS geometries are also discussed in [10]. 

The description of bubbling 1/2 BPS geometries is extended in various directions. The 
generalizations to other dimensions or backgrounds are considered in [11]. Some semiclassical 
strings [12] on the geometries for the configuration of concentric rings [7] are studied in [13,14], 
The tiny giant graviton matrix approach is considered in [15]. The extension to the finite 
temperature case is discussed in [16]. 

In this paper we discuss how to take a Penrose limit [17] in bubbling 1/2 BPS geometries 
at the stage of function z(aq, x 2 , ?/) . As discussed in [7], the Penrose limit is interpreted as the 
magnification of a part of the droplet. This interpretation is quite natural since the Penrose 
limit implies the magnification around a certain null geodesics. Following LLM’s observation, 
we directly show that the function z for the AdSsxS 5 is reduced to the one for the pp-wave [18] 
via the Penrose limit. In course of the calculation we obtain the z for the pp-wave with 1/R 2 - 
corrections as a byproduct. This z surely gives the pp-wave metric with 1/R 2 terms discussed 
in [19]. It should be noted that this z has the same boundary as the pp-wave without 1/R 2 
corrections at the 1/R 2 order level. This result implies a subtlety to take account of 1/R 2 - 
corrections at the level of a single function z, and so it seems difficult to obtain the function z 
with l/i? 2 -corrections by directly carrying out the integral for z under a boundary condition. 
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We also investigate higher order 1 /i? 2 -corrections. It is found that the higher order corrections 
do not modify the half-filling configuration and such a subtlety is not improved. Moreover we 
consider the Penrose limit in the geometries for the configuration of the concentric rings. 

This paper is organized as follows: In section 2 we briefly introduce 1/2 BPS geometries 
obtained by LLM. In section 3 we discuss how to take a Penrose limit in bubbling 1/2 BPS 
geometries and obtain the single function 2 with l/i? 2 -corrections. I 11 section 4 the higher 
order l/A 2 -corrections are investigated. In section 5 the result in the section 3 is applied to 
the concentric ring case. Section 6 is devoted to a conclusion and discussions. 


2 Setup 


All 1/2 BPS geometries of type IIB supergravity preserving the isometry R x AO (4) x AO(4) 
are obtained by Lin-Lunin-Maldacena [7]. The 1/2 BPS geometries are given by 

ds 2 = —h~ 2 (dt + ^ Vidx l j + h 2 (dy 2 + ^ dx l dx 7 J + ye G dVl\ + ye~ G d^t\ , (2.1) 


2—1 


2=1 


h 2 = 2y cosh G , z ^\ ^ an h = ’ 5 = z — ^ , 

ydyVi 6ijdjZ ? y(diVj dj V^) CijdyZ ? 

Bt=- j!/ 2 e 2G . B t =- 

F = dB t A (dt + V) + B t dV + dB , F = dB t A (dt + V) + B t dV + dB , 


dB = --y 3 * 3 d 


1 3 j( z -\ 

2 ' , dA = * 3 d 


y j 4 v y 

where a single function z(x l ,x 2 ,y) satisfies the following differential equation: 


( 2 , 2 ) 


didiZ + yd y = 0 • ( 2 - 3 ) 

Remarkably, the single function z determines the solution of type IIB supergravity preserving an 
isometry R x AO (4) x AO (4) . If one would impose an appropriate boundary condition, then one 
can solve the differential equation and obtain the solution z . That is, when we give a boundary 
condition the solution of the supergravity is determined. The possible boundary conditions 
are severely restricted by requiring the smoothness of the solution. This requiring allows the 
function 0 to take two values z = ±1/2 at y = 0. When we assign white and black to z = 1/2 
and z = —1/2, respectively, the droplet configurations can be drawn in the (aq, X 2 )-plane. 
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PP-wave 



Fig. 1 : AdS, pp-wave and Penrose limit. 

This plane is identified with the phase space of the free fermion discussed by Berenstein [5]. 
In particular, the configuration of a single black disk corresponds to the AdSsxS 5 case and 
the configuration that lower half-plane is filled describes the pp-wave background. Then the 
Penrose limit is interpreted as the magnification of a part of the geometry for the AdS. These 
are depicted in Fig. 1. 

3 Penrose Limit of z for AdSsxS 5 


To begin with, we shall consider the Penrose limit of the function z for the AdSsxS 5 case: 

r" — r o + V 


z(r,y;r 0 ) = 


„2 _ x 2 


(3.1) 


2 \J (r 2 + Tq + y 2 ) 2 — 4r 2 rp 2 
The coordinate system of the LLM background for this z is different from the standard global 
coordinates of the AdS 5 xS 5 background. In order to obtain the standard expression of the 
AdSsxS 5 we need to perform the change of coordinates as follows: 

y = r 0 sinli p sin 6 , r = r 0 cosh p cos 6 , (j) — (j) — t. (3.2) 

Here the radius r 0 is identified with the AdS radius R via r 0 = K 2 . 

Let us recall how to take the Penrose limit in the metric. The AdSsxS 5 metric with global 
coordinates is given by 


ds 2 = R 


— cosh 2 p dt 2 + dp 2 + sinh 2 pdfl 2 + cos 2 9 deft 2 + d6 2 + sin 2 9 dVl\ 


(3.3) 
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Here we introduce the following parameterization utilized by Callan et.al [19]: 


cosh p = 


1 + r 2 /4 


cos 6 = 


1 - r 2 /4 


1 - r\! 4 ’ 1 + r 2 / 4 ' 

When we will take a limit R —> oo by rescaling ri and r 2 as ri 
respectively, the resulting function z, up to and including 1 /R 2 , is 


2 = 


+ 


„ 2 r 2 
V 2 


+ C>(1/ J R 4 


(3.4) 

ri/R and r 2 —> r 2 /R, 

(3.5) 


2(r 2 + r 2 ) 2(r 2 + r|) i? 2 

In order to obtain the function 2 in terms of Xi,X 2 ,y, we need to perform a coordinate trans¬ 
formation from (r 1; r 2 ) to (r, y ). In course of the calculation 1/R 2 corrections appear and so 
we have to be careful to do it. 

We firstly expand y and r with respect to r\ and r 2 (after the rescaling) as 
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y = r ir 2 + j^r 1 r 2 (r 1 - r 2 ) + 0(1/R ), 
r = r 0 + i(r 2 - r 2 ) + ^(rf ~ r 2 ) 2 + 0(1/R 4 ) . 


From (3.6) and (3.7) we obtain 
1 


2 R 2 


(rf - r 2 ) = -1 ± 


2 r 

r 0 


- 1 


r 1 r 2 = 


2y 


1 ± 


- 1 


(3.6) 

(3.7) 

(3.8) 


We have two choices to take a pair of r\ and r 2 due to the sign ± that appears when we 
solved the quadratic algebraic equation (3.7). But we should choose the “+” sign that leads 
to y = r\r 2 at the zero-th order of 1/R 2 . The relation y = r\r 2 is utilized in [7]. By using (3.8) 
we can rewrite the first term in (3.5) as 




(3.9) 


2 ( r i + 2d(r - r,,:r if- 

Now let us introduce a new variable x' 2 = x 2 — r 0 . This shift of x 2 corresponds to that of the 
origin in the 2-plane. That is, the origin in the system of coordinates for the AdS is shifted to 
the north-pole of the disk, and the resulting origin is nothing but the origin in 2-plane for the 
pp-wave (see Fig. 1). Then it is possible to expand r 2 = x\ + x 2 as 

r = \jx\ + (x 2 + r 0 ) 2 = (x 2 + r 0 ) + 


+ ■ ■ ■ . 


2(x 2 + r 0 ) 

By using (3.10), we can express the first term in (3.5) in terms of (xi,x 2 ): 


rt — ry 


x 2 


x\ y 2 


2(r 2 + r 2 ) 2^x 2 2 + y 2 AR 2 (x 2 2 + y 2 ) 3 / 2 


+ 0(1/R 4 


(3.10) 


(3.11) 
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Thus the first term in (3.5) has been decomposed into the leading term and the sub-leading 
term. As a matter of course, the leading term agrees with the result of LLM [7]. 

In order to finish evaluating the l/i? 2 -corrections it is necessary to investigate the second 
term in (3.5). It is easy to show that 


2„2 


rrr. 


1 ' 2 


+ 0(1/R 4 


2 R 2 (r 2 + r 2 ) 4 R 2 ^x' 2 2 + y 2 

and so the resulting function £ with 1 /R 2 contributions is given by 

1 


(3.12) 


z(x 1: x 2 ,y) = 


r 2 _ , r 2 
' 1 '2 


+ 


r 2 2 
' 1'2 


2 (rf + rf) 2(r 2 + r 2 )R 2 


+ 0(1/R 4 


X' 

n 


2V4 2 + y 2 


+ 


AR 2 


x\ y 2 


+ 


y 


(x' 2 2 + y 2 ) 3 / 2 ^/ x ' 2 2 q: y 


+ 0(1/R 4 ). (3.13) 


It is an easy task to show directly that the function z given in (3.13) satisfies the differential 
equation (2.3). Hence the pp-wave with 1/R 2 terms may be contained in the context of bubbling 
1/2 BPS geometries. 

We shall next consider the Penrose limit of the V r and V/, for the AdS: 


V r = 0, 



r 2 + r 2 + y 2 


yj ( r 2 + Tq + y 2 ) 2 — 4r 2 rg 



(3.14) 


For the pp-wave case the Cartesian coordinates (aq, X 2 ) are more suitable than the polar coordi¬ 
nates (r, 0) since the droplet configuration is the lower-half plane rather than a disk. Through 
the coordinate transformations we can find the following V\ and V 2 for the pp-wave with 1/R 2 
terms: 




ddr jr 

V(b + --Pr — 


sin (j) 


dx\ 


dxi 


V+ = 


Xv. + r o 


2^x i ^ r Ty I 

1 


1 

R 2 


r ' x\ + (x' 2 + r 0 ) 2 ^ 
1 X ' 2 (x\ + x' 2 +y 2 ) 


V, = 


r 2 + r 2 R 2 (r 2 
9(j) T/ ®r cos 0 _ 

* (h \ ^ Vr Vft) 


A(x ' 2 2 + y 2 ) 3 / 2 

0(1/R 4 ), 


0(1/R 4 


X\ 


dx‘ 


dx 2 

X\ 


2R? x' 2 + y 2 


+ 0(1/R 4 ) = 


x\ + (x 2 + r 0 ) 2 

, 4 \ Xi 




R 2 (r 2 + r 2 ) 


0(1/R 4 


(3.15) 


(3.16) 


The above V\ and V 2 satisfy the differential equations (2.2) with the function z given in (3.13). 
As a remark, the constant term 1/2 R 2 in the expression of Vi (3.15) would not be determined 
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by solving the differential equation but it is properly determined by carefully considering the 
Penrose limit. It is also worth remaking that the relation z = x' 2 V\ — X\ V 2 , mentioned in [10], 
begins to fail at the l/i? 2 -order: 


x' 2 Vi - XlV 2 = 


ry*' 
•Aj n 


2 \ y 2 + x 2 


1 2 


4 R 2 


2x' 2 + 


x ' 2 2 ( y 2 + A 2 ) - %i 2 ( 2 y 2 + x' 2 ) 


(:v 2 + A 2 ) 5 

By putting the functions (3.13), (3.15) and (3.16) into the metric (2.1), we can derive the 
metric: 


+ 0(1/R 4 


ds 2 = —2dtdxi — (r 2 + r 2 )dt 2 + df{ 2 + dr^ 2 
1 

+ R’ 2 

+dtdxi(r 2 + r 2 ) + 2x 1 (r 1 dr 1 dt — r 2 dr 2 dt) + 0(l/R 4 ) , 


(3.17) 


dx\ + i(r 2 dr! 2 - r^dr^ 2 ) + ^(r 2 - r?)dt 2 


where we have written down the metric in terms of the coordinates (ri,r 2 ) rather than (y,x 2 ). 
We also used the following expansions of ye G and ye~ G : 

V 2 , y 2 (x 2 + x' 2 2 + y 2 ) 1 zn/i / d4\ 


ye G = 


+ 


-4 + \/ x 2 2 + y 2 2i? 2 (4 s + y 2 - x 2 yV 2 2 + |/ 2 ) 


+ 0(l/i? 4 


= r? + ^ + 0(1AR 4 ), 


ye 


-G 


= ~x 2 + \/x' 2 2 + y 2 


(xj + x’ 2 2 + y 2 ) (x' 2 2 + y 2 - x' 2 ^/x ' 2 2 + y 2 ) 


2R 2 (x 2 2 + y 2 ) 


+ 0(l/i? 4 


= Tn - 


+ 0(1/^) • 


2 2d? 2 

Furthermore performing the shift of X\ as X\ = x\ + x[x 2 /R 2 , and identifying as t = x + and 
x\ = — x~ gives the pp-wave metric with 1 /R 2 corrections considered in [19]: 


ds 2 = 2 dx + dx + dr"i 2 + dr 2 2 — (r 2 + r 2 )(dx + ) 2 


1 

A 2 


—2 y 2 dx dx + + /-(r 2 — r 4 )(dx + ) 2 + (dx ) 2 + 2-r 2 dr[ 2 — /-r^dr^ 


(3.18) 
+ O (l/i? 4 ) . 


Here the convention of the light-cone coordinates is absorbed into the identification between 
x~ and x\ . As an additional remark, the shift of x\ does not change the expression of z, Vi, 
and V 2 at the order of 1/i? 2 . 


Finally we should note that the function z including the l/i? 2 -corrections has the same 
boundary condition at y = 0 as in the case of * without l/i? 2 -corrections, although the V 2 
becomes non-zero due to the l/i? 2 -correction. That is, l/i? 2 -corrections are irrelevant to the 
droplet. 
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4 Higher Order 1/i? 2 -Correct ions 


In this section we further investigate higher order l/i? 2 -corrections at the order of 1 /R 6 . Using 
the relation (3.10) found in the section 3, the higher order l/i? 2 -corrections of the z can be 
computed as 


z(x 1 ,x' 2 ,y) 


2 


x 2 + y 2 ( x' 2 2 + y 2 + Xi 2 ) _ 3 x 2 y 2 (x' 2 2 + y 2 + x i 2 ) 2 
^x’ 2 + y 2 4 R 2 (V 2 2 + |/ 2 ) f 16i? 4 (x' 2 + y 2 ) 1 

y 2 (|/ 2 -4^ 2 ) (?/ 2 + X! 2 + x’ 2 f + ^ 

32f? 6 ( 2 / 2 + x / 2 2 )5 


(4.1) 


We can explicitly check that the function z obeys the differential equation (2.3). It is worth 
while noting that the droplet configuration z(xi,x 2 ,y = 0) of (4.1) is the same as the pp-wave 
one (the right hand side in Fig. 1) even at the order of 1/R 6 . Hence it is expected that the 
droplet configuration would be the same as the pp-wave one even if we include any finite 1 / R 2 - 
corrections. As a matter of course, when we include all order l/i? 2 -corrections, the droplet 
configuration would become the AdSsxS 5 one (the left hand side in Fig. 1). One possible 
reason why the different geometries give the same droplet configuration is that the size of the 
droplet for the pp-wave is infinite in comparison to the finite size droplet for the AdS case. 
Hence it might be necessary to give more boundary conditions at infinity as in the argument 
given in the case of pp-wave (with no corrections) [7], when we consider the l/i? 2 -corrections. 
Another possible explanation is that the two limits R —> oo and y —> 0 do not commute. When 
we first take the limit R —» oo, the droplet boundary goes to infinity. This limit would hide 
the behavior of z near the boundaries at infinity. Then the limit of y —> 0 would give the same 
droplet configuration as the one without l/i? 2 -corrections. 

In order to obtain z as a function of (rq, r 2 , xfi) we expand y and x 2 in terms of rq and r 2 , 


y = r l r 2 + 


rqr 2 i 
4A 2 ' 


2 \ , r l r 2 / 4 

^ + Tew U 


r vT + rfj + Till ( r J - r§) (rf + r‘) + 0(1/R s ), 


64 R 6 


A = 2^ r i 


2J 8R 2 

2 ^ 2\ 2 4 


\{rl 


A 2 - 4x?] + (n 4 - n 2 r 2 2 + r 2 4 + S^ 2 ) 


(ri 2 — r 2 2 Y (ri 4 + r 2 4 ) — 8(rq 2 — r 2 2 ) 2 x i 2 — 16aq 

128/? 6 


+ 0(1/R 8 ). 


By using these relations, we can rewrite (4.1) in terms of 7q and r 2 as follows: 


2„2 


Z = 


+ 


rrr 


2„4 


1 ' 2 


+ 


rrr 


4„2 


1 ' 2 


rTr, 


4„4 


1 ' 2 


rTr, 


1'2 


2(r 2 + r 2 ) 2 R 2 (r\ + r 2 ) 16 R 4 (rf + r 2 ) 32i? 6 (rf + r|) 


+ 0(1/R 8 


(4.2) 
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In order to obtain the metric including the 1//^-corrections we compute Vi, V 2 , ye G and 
ye~ G in terms of x±, r\ and r 2 . The results for V± and V 2 are 


VI = 


A (y 2 + xj + x' 2 2 ) 1 


(A 2 + y 2 YA>A z + % 2 ) - Qy 2 (A z + y 2 A 2 + AA Z - y 2 )A 


2 Ay 2 + %2 4 ( y 2 + A 2 f , 2 R 2 

1 

16 R\A 2 + y 2 f /2 

1 

+ 32 R e (y 2 + x' 2 2 ) 4 

2 


+ 


In 


2 R 2 2 R 4 


2 


(4.3) 


2 / /2 


/ 2 


A\Jy 2 + x 


x\{y 2 + a/ 2 2 )(-13?/ 2 + 2a; 2 z ) + a:i(-3i/ 2 + 2a/ 2 z ) 


/ 2 \ 


„/2s 


-3x 2 (|/ 2 + a;' z ) 2 (lli/ 2 + 6a;' z ) + (i/ 2 + x' 2 ) 3 (% 2 + 14a;' z ) 


aq — x\ 
2R G 


/ 2 


+ 0(l/i? 8 ) 


r 2 + r 2 i? 2 (r 2 + r 2 ) 
+0(l/f? 8 ), 


r| + r 2 r 2 — 7rf + 8a; 2 r 2 (16a; 2 — 2rf + r 2 ) — r 2 (8a;j — rf) 


16 R 4 (r 2 + r 2 ) 


16 R 6 (rf + rf) 


V = 


X\ 


| aqa; 2 a; 2 + 3(a/, 2 + y 2 ) | aq 


1 , 


2 R 2 Ay 2 + x’i 4 i? 4 (xf + y 2 ) 3 / 2 1 2i? 4 i? 6 

x\ {x\(y 2 — 2x’ 2 ) — 3 (y 2 + x ,2 ) 2 (y 2 + 6a; 2 2 ) + x 2 (6y 4 + 2y 2 x 2 — 4o; 2 4 )} 


16R 6 (y 2 + x' 2 2 A 

(3 r 2 — r 2 2 ) Xi (17r! 4 — 13ri 2 r 2 2 + r 2 4 ) aq 


X\ 


+ 


(4.4) 

+ 0(1/R 8 ) 


+ 0(1/R 8 ). 


R 2 ( ri 2 _)_ r2 2 ^ 2R a (rq 2 + r 2 2 ) 16i? 6 ( ri 2 + r 2 2 ) 

We can check that Vi and V 2 obey the equations (2.2). It is worth noting again that the y- 
independent terms in (4.3) and (4.4) would not be completely determined from the differential 
equations (2.2), although they constrain the relation between the undetermined terms in V\ 
and the ones in V 2 . 

Using Eq. (4.2) the results for ye G and ye~ G are 


ye 


G 


= r-, + 


+ 


3 rf 


+ 


2 R 2 16/? 4 16 R 6 


ye 


-G 


= Vo - 


+ 


3r 2 6 


2 R 2 16 R 4 16 R 6 


+ 0(1/R 8 ), 

+ 0(1/R S ). 


Thus the resulting metric is 


ds 2 = 2 dx + dx — (r 2 + r\)(dx + ) 2 + dr\ 2 + df 2 2 

1 1 2r%dx + dx~ + (dx~) 2 — (A — r 2 )(dx + ) 2 + 1-rldrY — ^-rldr 2 2 


R 2 

1 

R 4 

1 


— r 2 dx + dx — r 2 (dx ) 2 — ^( r i + r 2 )(dx + ) 2 + y^r 4 dfq 2 + ^ r 2 dr 2 2 


+ 


16 R 6 


6r 2 dx + dx + 8 r 2 (dx ) 2 — (r 8 — r 2 )(da; + ) 2 + r\dfi 2 — r 2 dr 2 


+ 0(l/i? 8 ) 








































where we have used the coordinate-transformation from x\ to x\ dehned as 


Xi = 


rp^ rp^ rp^ ^ rp^ ^ rp^ 

X \ + ^ + + + 0(1/jR 8 


f? 2 2i? 4 3 f? 6 


/ - 

= + 


x'i(r^ — r|) 


/3 




1 /„2 


2R 2 
+0(1/R 8 ), 


H-—( 

6f? 4 8f? 4 V 


„2n2 

1 ' 2 J 


x[ 3 (rj 


x[(rj 


12R 6 


32R 6 


r 4 2 2 I 41 

l_ r i - r 1 r 2 + r 2 j 


and the same identihcations in section 3 : t = x + and x\ = — x 

5 Concentric Rings 

As a simple extension of the discussion in section 3, let us consider the geometry characterized 
by a family of concentric rings [7] (see Fig. 2). This solution is given by the following z, V r , Vf 

. N 


Z = 


4 £(-d 


n+1 


r 2 _ r 2 + y 2 


72—1 


y/(r 2 + r 2 + y 2 ) 2 — 4 r 2 r 2 


1 , 


N 


n = o, n = -j](-i)' 


1-2 + r l + y 2 


72—1 


(r 2 + r 2 + |/ 2 ) 2 — 4r 2 r 2 


- 1 


where we have used the polar coordinates (r, </>) instead of (. x\,x 2 ). The ri is the radius of 
the outermost circle, r 2 the next one and so on. This background is time-independent and 
in certain limits can be thought of as a configuration of smeared S 5 giants and/or their AdSs 
duals. 

It is easy to apply the previous analysis to this case. All we have to do is to introduce the 
shifts of variables as follows: 


X 2 ~r n = (x 2 - r 0 ) - (r n - r 0 ) = x 2 - x 


(n) 


(5.1) 


Then the radius coordinate r is expanded as 


r = \Jx\ + (x 2 - x 2 l) +r n ) 2 = ( x 2 - x 2 n) + r n ) -\ -- 


x\ 


2{x’ 2 - x ( 2 ] + r n ) 


+ 


In addition we assume that ro is much bigger than x 2 l> (thin ring approximation) and expand 
r n as 

( n ) \ 

r n = r 0 ( 1 + j = r 0 (l + e (n) ) . 


(5.2) 
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The remaining part of the analysis is similar to that in the AdSsxS 5 (N = 1 case) and the 
1 /R 2 corrections in this case can be also evaluated. The resulting function z after taking the 
Penrose limit in the configuration of the concentric rings is 


1 N 

z = - 2 E ( - 1 ) B+1 

n =1 




2 R 2 



+ 0(1/R 4 ). (5.3) 


Then V\ and V 2 are given by 

N 


U = £(-i 


n =1 


v / V 2 - 4"’) 2 + 9 2 

1 (x' 2 - X i 2 ) )[xl+ (x' 2 -4" } ) 2 + ?/ 2 ] 


(5.4) 


1 


N 


v 2 = £(-i)' 


2 

Xi 


n=l 


2 R 2 \J(x' 2 - x^) 2 + y 2 


4 [(x' 2 -4 B) ) 2 + y 2 ] 3/2 

+ ^(l/f? 4 ). 


^(l/i? 4 ), 


(5.5) 


The droplet configurations at y ~ 0 are a set of stripes as noted by LLM [7] (see Fig. 3). The 
leading part of the above result agrees with the one in [14]. We have plotted two graphs (Figs. 2 
and 3) by using the contour plot in the Mathematica with the data: r\ = R 2 , r 2 = 0.99i? 2 , 73 = 
0.96.R 2 , r 4 = 0.95i? 2 , r 5 = 0.92i? 2 , r 6 = 0.91i? 2 , r 7 = 0.6i? 2 , R — 2. Our result (5.3) surely 
reproduces a set of strips from the concentric rings via the Penrose limit. 



In a similar way we can compute the higher order corrections for concentric rings. 
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6 A Conclusion and Discussions 


We have discussed how to take a Penrose limit in bubbling 1/2 BPS geometries at the stage of 
a single function z(xi,X 2 ,y) . Taking the Penrose limit for the function z for the AdS, we can 
directly obtain the £ for the pp-wave with l//? 2 -corrections. It satisfies the differential equation 
and leads to the pp-wave metric with l/f? 2 -corrections. In particular, our result reproduces the 
pp-wave metric used in [19]. 

It should be however noted that the function with 1//^-corrections has the same boundary 
condition at y = 0 as the z without the corrections. Hence the 1//^-corrections are not 
determined by naively imposing a boundary condition at y — 0, and it would be necessary to 
take more careful treatments. But, by considering the Penrose limit at the stage of the single 
function z for the AdS space (or metrics of other spacetimes), it is possible to properly take 
l//? 2 -corrections into account in bubbling 1/2 BPS geometries. 

We also considered the higher 1 //^-contributions to the z. We saw that higher-order 
corrections do not modify the half-filling configuration as well as the second order corrections. 
That is, the z has the same boundary condition at y = 0 as the z with no correction. One 
possible reason why the different geometries give the same droplet configuration is that the size 
of the droplet for the pp-wave is infinite in comparison to the finite size droplet for the AdS case. 
It might be necessary to give more boundary conditions at infinity as in the argument given in 
the case of pp-wave (with no corrections) [7], when we consider the 1//^-corrections. It was 
also found that the y -independent terms in Vi and Vi would not be completely determined from 
the differential equations (2.2), although they constrain the relation between the undetermined 
terms in Vi and the ones in V 2 . It would be nice to apply our discussion to other metrics 
(for example, [11]) and derive the corresponding function £ (with 1//^-corrections). On the 
other hand, it is interesting to consider the description of 1//^-corrections in terms of the free 
fermion in the SYM side. In this direction it would be valuable to comment on the work of 
Horava and Shepard [10]. They also considered the Penrose limit of LLM geometries, and in 
particular, showed that the Penrose limit towards the (nearly) singular null geodesic of the 
geometry (nearly) at topological transition is equivalent to the well-known double-scaling limit 
of the matrix model that defines two-dimensional noncritical string theory (in fact, the Type 
0 version of it [20], since both sides of the Fermi sea are filled). Hence the 1//^-corrections 
in the Penrose limit would correspond to the corrections to the double scaled matrix model. 
It is also worthwhile to say that the non-relativistic free fermions would become relativistic in 
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the Penrose limit according to the LLM’s observation [7]. Then it would be expected that the 
l/i? 2 -corrections interpolate between the non-relativistic fermions and relativistic ones in the 
Penrose limit. 
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